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Summary
Apple ‘ Fuji ’  trees were constructed in a computer using canopy constructing and analyzing system (CACOAS). 
Each constructed tree was arrayed with a plant spacing, then light environment in each virtual orchard was 
analyzed by orchard light environment analyzing system (OLEAS). Data of leaf surface PPFD (leaf PPFD) from 
OLEAS and meteorological factors were used to a multiple regression formula for net photosynthetic rate (Pn) 
of ‘ Fuji ’  leaf, then Pn in orchard level (orchard Pn) were calculated. Distributions of leaf PPFD and Pn in tree 
canopies were very wide on a clear day, and narrow on an overcast day. Anyway were remarkably different from 
the normal distribution. By elaborating some contrivances in CACOAS, investigation of seasonal changes of tree 
canopies and their light environment became possible. As the result, a peak of the daily mean of orchard Pn 
appeared in the end of June. The summertime might be an important period for plant production though the light 
environment was not so good. Toward ten years of tree age, the daily mean leaf PPFD in orchard decreased rapidly 
and the daily mean of orchard Pn increased rapidly. Thereafter, these values showed some gentle changes. The 
effect of tree row direction on the mean leaf PPFD in orchard was very small. Mean leaf PPFD in orchard and the 
mean leaf Pn decreased on an approximate-logarithmic curve against LAI per orchard land area (orchard LAI) 
which was given by regulating quantity of leaves per tree without changing the plant distance. On the contrary, the 
mean orchard Pn increased like an approximate-power line against the orchard LAI. A switching point from rapid 
increases of the mean orchard Pn to the slow ones was found on the power line to be about 1 of the orchard LAI. 
This point was considered to be an optimum orchard LAI for plant production. When planting density was changed 
without altering occupied land area by a tree, it was found that the orchard Pn increased in proportion to the 
planting density though the light environment slightly deteriorated. Using the similar technique, light environment 
and orchard production of a designing dense planting were compared with a normal planting.











































































































調査には各仕立て方法１樹（第 1 表の OC-1，MCL-1，
YS-1，SCL-1およびTT-1），樹列方向比較実験に限り
各仕立て方法 5 樹（第 1 表の OC-1～OC-5，MCL-1～
MCL-5，YS-1～YS-5，SCL-1～SCL-5 および TT-1～
TT-5）を用いた（第1表）．整枝剪定パラメータには主
幹の長さ，主枝（PSB）数，第 1 主枝の発生方角，第 1
主枝の主幹上の位置，第1主枝の立ち上がり勾配（build-
up gradient of PSB），主枝における枝序の開度（phase 
of rotation angle of PSB），主枝の発生間隔の分布，主枝
長分布，主枝の分岐角度分布，主枝当たりの亜主枝（SSB）
数，第1亜主枝の発生位置，亜主枝における枝序の開度




















Fig.1  Limit of south-north tree width (LSNW), limit of east-west tree width (LEWW), tree width in south-north (WSN), tree width in 
east-west (WEW), limit of tree height (LTH), trees height (TH), set space, set land compartment, cubic grid, tree space, row space 
and land area occupied by a crown (LAO).
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Fig.2  Frequency distributions of leaf PPFDs at several hours in daytime in the end of July of the OC-1 tree (15 year of tree age). 


































Fig.3  Frequency distributions of leaf Pns at several hours in daytime in the end of July of the OC-1 tree (15 year of tree age). The 
left side shows a clear day, and the right side shows an overcast day. The numerals indicate hours in daytime.
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Fig.4  Daily frequency distributions of leaf PPFDs in the end of July of the five trees (15 year of tree age). The left side shows a 



























Fig.5  Daily frequency distributions of Pns in the end of July of the five trees (15 year of tree age). The left side shows a clear day, 
and the right side shows an overcast day.
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　5 つ の 仕 立 て 方 法 各 1 樹（第 1 表）の 園 地 LAI と
DMPPFDおよびDMPNの関係を第16図に示した．5樹
とも第15図のHMPPFDやHMPNの曲線に類似した変
Fig.6  Diurnal changes in hourly mean leaf PPFD (HMPPFD, left) and hourly mean Pn (HMPN, right) on a clear day (upper) and 
an overcast day (lower) in the end of July of the five trees (15 year of tree age).
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Fig.7  Relations between leaf PPFDs and Pns at several hours in daytime on a clear day and an overcast day in the end of July of 
the OC-1 tree of 15 year of tree age. The numerals indicate hours in daytime.
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Fig.8  Examples of projected images (south side views) of tree canopies at several stages in 15 year of tree age of the YS-1 tree (upper) 
and that of tree shapes (lower). The crossbars indicate 50 cm. TNL and LAIo indicates total number of leaves and leaf area index 
per orchard land area, respectively.
Fig.9  Diurnal changes in hourly mean leaf PPFD (HMPPFD, left), hourly mean Pn (HMPN, middle) and hourly mean Pn per 
orchard (HMPNO, right) in the seven seasonal stages of OC-1 tree (15 of year of tree age). The upper and the lower indicates 
a clear days in each stage and the overcast day, respectively.  
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化が見られ，園地 LAI に対して DMPPFD と DMPN は
対数近似曲線状に減少した（第16図）．晴天日と曇天日
における園地LAIの増大に伴うDMPNOの変化をそれ






























ブロック 1 辺長ずつ南北方向および東西方向に割り当 
て区画どうしを引き離し，栽植密度を低下させたとき，
Fig.10  Seasonal changes in daily mean leaf PPFD (DMPPFD, left), daily mean Pn (DMPN, middle) and daily mean Pn per orchard 
(DMPNO, right) of the five trees (15 year of tree age) on a clear day (upper) and an overcast day (lower) in each seasonal stage. 
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Fig.12  Yearly changes in several canopy characteristics 
of the OC-1 tree.
Fig.11  Examples of projected images (south side views) of tree canopies at four tree ages of the five trees, and the builds made up 
of leafy blocks at 15 year of tree age (right end). The latter were looked at an elevation angle of 30 degrees in a direction of 



































Fig.13  Yearly changes in hourly mean leaf PPFD (HMPPFD, left), hourly mean Pn (HMPN, middle) and hourly mean Pn per 
orchard (HMPNO, right) of the OC-1 tree on a clear day (upper) and an overcast day (lower) in the end of July of each tree 
age. The numerals indicate hours in daytime.  
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Fig.14  Yearly changes in daily mean leaf PPFD (DMPPFD, left), daily mean Pn (DMPN, middle) and daily mean Pn per orchard 
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Fig.15  Relations between LAI per orchard (LAIo) of the OC-1 tree (15 year of tree age) and hourly mean leaf PPFD (HMPPFD, 
left), hourly mean Pn (HMPN, middle) or hourly mean Pn per orchard (HMPNO, right) on a clear day (upper) and an 
overcast day (lower) in the end of July. The numerals indicate hours in daytime.
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そ も light interception（％）は 植 物 群 落 生 産 構 造 図
（Monsi・Saeki，1953）中の一つの要素であり，その垂
Fig.16  Relations between LAI per orchard (LAIo) of the five trees (15 year of tree age) and daily mean leaf PPFD (DMPPFD, left) 



































Fig.17  The upper part shows relations between LAI per orchard (LAIo) and daily mean Pn per orchard (DMPNO) of the five trees (15 
year of tree age) on a clear day in the end of July. The lower part shows relations between the slope of DMPNO per LAIo of 
two data-groups and the LAIo .
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Fig.18  The upper part shows relations between LAI per orchard (LAIo) and daily mean Pn per orchard ( DMPNO) of the five trees 
(15 year of tree age) on an overcast day in the end of July. The lower part shows relations between the slope of DMPNO per 







































Fig.19  Relations between planting densities in four square planting of the OC-1 tree (15 year of tree age) and hourly mean leaf 
PPFD (HMPPFD, left), hourly mean Pn (HMPN, middle) or hourly mean Pn per orchard (HMPNO, right) on a clear day 
(upper) and an overcast day (lower) in the end of July. The numerals indicate hours in daytime.
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　樹齢 1 年における晴天日の HMPPFD（したがって















Fig.20  Relations between planting densities in four square planting of the five trees (15 year of tree age) and daily mean leaf PPFD 
(DMPPFD, upper), daily mean Pn (DMPN, middle) or daily mean Pn per orchard (DMPNO, lower) on a clear day in the 






































Fig.21  Relations between planting densities in colonnade planting of the OC-1 tree (15 year of tree age) and hourly mean leaf 
PPFD (HMPPFD, upper), hourly mean Pn (HMPN, middle) or hourly mean Pn per orchard (HMPNO, lower) on a clear day 
in the end of July. Numerals indicate hours in daytime.
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Fig.22  Relations between planting densities in colonnade planting of the five trees (15 year of tree age) and daily mean leaf PPFD 
(DMPPFD, left), daily mean Pn (DMPN, middle) or daily mean Pn per orchard (DMPNO, right) on a clear day in the end 




































Fig.23  Yearly changes in hourly mean leaf PPFD (HMPPFD, left), hourly mean Pn (HMPN, middle) and hourly mean Pn per 
orchard (HMPNO, right) on a clear day (upper) and an overcast day (lower) in the end of July of the OC-1 tree densely 
planted. The numerals indicate hours in daytime.  
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Fig.24  Comparison of yearly changes in daily mean Pn per orchard (DMPNO) on a clear day (upper) and an overcast day (lower) 
in the end of July of the five trees between normal planting (left), dense planting (middle) and designing dense planting in 
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